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It has been reported previously (Price, 1947 a) that the phage for Staphylo- 
coccus muscae will not increase in the synthetic medium of Fildes (Fildes and 
Richardson,  1937), although  this medium  supported bacterial growth.  The 
addition of yeast extract or veal infusion broth to the synthetic medium per- 
mitted large increases in phage. 
In this paper it will be shown that the substance necessary for phage forma- 
tion, under the above conclitions, is present in acid digests of highly purified 
proteins. 
Methods 
The same  synthetic media test system was used  as described  previously (Price, 
1947 a).  All phage dilutions  were made in distilled water.  The bacteria, grown  as 
described previously (Price, 1947 b), were centrifuged, washed once with saline, recen- 
trifuged, and suspended in distilled water.  0.1 ml. of bacterial suspension was added 
to each reaction mixture.  Bacteria and phage were determined as described previ- 
ously (Price,  1947 b). 
Assay far Faztar.--The reaction mixture consisted  of the following: the synthetic 
medium of Fildes (6.0 ml. of the ~trnino  acid mixture, 0.25 ml. of M/2 glucose, 0.25 ml. of 
•  r/S00  ferrous  ammonium  sulfate,  0.I0  ml. of  vitamin BI which contains  I00  v of the 
vitamin,  0.I0  ml. of nicotinic  acid  containing  I00 v of the vitamin,  0.10  ml. of  v/60 
MgSO4, 0.I0  ml.  of  M/5 sodium nitrate,  0.20  ml.  of  1/100 ~ cystine,  0.10  ml.  of  M/I000 
tryptophane, 0.20  ml. of  u/100 methionine,  0.20  ml. containing  800 v of  oxyproline). 
To this  mlxturc was added 0.I  ml. of  bacteria  suspension  to  give  a  final  concentration 
of  I X  10  s  organisms per  ml.,  and  0.5  ml.  of  a  phage  solution  containing  i ×  I05  phage 
particles. The reaction  mixture was then  made up  to 10.0  ml.  with  H~0.  0.25  ml.  of 
the material to be assayed was then added.  All samples were shaken at 36  ° as 
described  previously  (Price,  1947 b).  Under the above conditions,  complete lysis  of 
the system took place  within  6 hours when suflicent  phage-promoting substance was 
present.  Complete lysis  of the system was used to assay  for the factor  and was a 
reproducible  sign  of  phage  growth.  However, as  Table I  shows, smMl concentrations 
of the factor can cause large increases of phage without lysis.  This phenomenon will 
be discussed in the next paper of this series.  Phage determinations were carried out 
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when the addition of 25.0 rag. of protein did not cause lysis, but in all such cases no 
increase  in phage was found. 
Sources of Protein.--Dr. M. Kunitz kindly supplied  3 times  recrystallized  chymo- 
trypsinogen, 4 times recrystalfized  trypsin, 7 times recrystallized chymotrypsinogen, 
4  times recrystallized  ribonuclease,  4  times recrystallized  No.  2 protein from yeast 
(Kunitz and McDonald,  1946), and 3 times recrystallized No. 3 protein from yeast 
(Kunitz and McDonald,  1946).  Dr. R. M.  Herriott generously furnished  2  times 
crystallized  edestin,  5 times recrystallized  egg albumen, and crystalline pepsin.  Dr. 
W. M. Stanley kindly furnished  crystalline tobacco mosaic virus.  Crystalline insulin 
was  obtained  from the  Eli  Lilly Company.  Dr.  E.  Cohn  of Harvard  University 
kindly supplied  the serum albumen and serum globulin. 
The experiments with casein were carried  out with casein, Hammarsten, procured 
from Amend Drug and Chemical  Company, vitamin-free casein digest from General 
Biochemicals  Inc. 
TABLE I 
Effect of Various Concentrations of Hydrolyzed Casein on Fkage FormaHon 
Each sample contained the usual synthetic medium.  Hydrolyzed casein was from the 
General Biochemicals Inc.  Sample  for phage assay taken at end of 6 hours. 
Plaque count per ml.  Cell count per ml. 
Sample 
Initial  Maximum  Final 
Hydro- 
casein 
m,g, 
1.0 
15.0 
Initial  Final 
5.6 X  10  b  2.1  X 10  6 
5.6 X  I0  6  6.1 X  10  ~° 
5.6 X  I0  s  I.I X  I0  I° 
1.3 X  10  8 
1.3 X  lO  s 
1.3 X  10  s 
5.3 X  10  8 
5.2 X  10  s 
3.7 X  I0  s 
5.3 X 108 
5.2X  108 
0 
RESULTS 
The  factor necessary for phage production  was present  in acid  digests  of 
vitamin-free casein.  In view of this finding, the presence of the factor in other 
proteins  was  investigated.  Table II shows  the  presence  or absence of this 
factor in fifteen proteins.  Casein has the highest concentration of factor with 
pepsin  having  the  next  greatest  concentration  (Table  III).  Ribonuclease, 
insulin, tobacco mosaic virus, and the No. 2 protein from yeast do not have any 
factor in concentrations of protein as high as 75 mg. per 10.0 ml. of reaction 
mixture. 
Unhydrolyzed  proteins  have  no  phage-promoting  activity.  One  time 
crystallized chymotrypsinogen has a  slightly lower activity than  8  times re- 
crystallized chymotrypsinogen.  These experiments indicate that the factor is 
not adsorbed to the protein, but is an integral part of the molecule, 
Release of Factor by Acids.--The factor is formed from proteins by treating 
them with 3 N HC1 or 3 N H2SO4 for i  hour at 15 pounds pressure.  Longer 
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tions of NaOH up to 3 N.  The factor was not destroyed under the latter con- 
ditions, since treating the inactive alkali digest of casein with 3 N HC1 released 
TABLE II 
Test for Factor in Acid Digests of Purified ProteCns 
100 mg. of each protein was hydrolyzed in 1.0 ml. of 3 N HC1 for 1 hour at 15 pounds pres- 
sure.  0.25 ml. of each hydrolysate  was added  to the usual  synthetic mixture.  The pH of 
the mixture was then readjusted  to pH 7.6 with N NaOH.  Conditions  as described under 
Methods. 
Active  Inactive 
Crystalline chymotrypsinogen 
"  chymotrypsin 
"  trypsin 
"  pepsin 
Serum albumen 
"  globulin 
Crysta,  lline egg albumen 
edestin 
"  cucumber seed globulin 
"  No. 3 yeast protein 
"  trypsinogen 
Gelatin 
Crystalline insulin 
"  tobacco  mosaic virus 
"  ribonuclease 
"  No. 2 yeast protein 
TABLE III 
Concen2ration of Fartor in Proteinz 
Proteins were hydrolyzed  as in Table L  All proteins were added in quantities of 25 rag., 
20 rag.,  15 rag., 10 rag., 5 rag., 2 rag., and 0.750 nag.  Listed below is that quantity which 
mused complete lysis of the system.  Conditions described under Methods. 
P~ot~  Quantity used 
Easel  .................................................. 
Pepsin .................................................. 
Edestin  ................................................. 
Chymotrypsinogen ........................................ 
Gelatin ................................................. 
Egg albumen ............................................ 
No. 3 yeast protein ...................................... 
4 
6 
10 
15 
20 
20 
25 
the factor.  Active acid digests of casein treated for 1 hour at 15 pounds pres- 
sure with 3 N NaOH are not destroyed.  The substance is stable after refluxing 
in 6 N HC1 for 48 hours. 
Factor Released by Enzymes.--The  factor is not formed from casein by pepsin, 
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zymes.  The substance  is  released from egg albumen and pepsin by peptic 
action, but not by trypsin, chymotrypsin, or the combined action of the latter 
two enzymes.  Treating an egg albumen peptic digest with 3  N HC1 at  15 
pounds pressure for 1 hour does not release any more of the factor than was 
released by the action of pepsin (Table IV). 
Addition of Amino Acids.--Cysteine,  serine, threonine, isoleucine, and nor- 
leucine, in a concentration of 40 -~ per ml. of reaction mixture, do not have any 
TABLE  IV 
Rdease of Factor  by Enzymes 
All enzymatic digests carried out in 125 ml. flasks under toluol at 40  ° for 48 hours.  500 
rag. of each protein in a volume of 50 ml. was used for enzymatic digestion and 5 nag. of en- 
zyme.  Pepsin digestion was carried out at pH 2.0 and trypsin and chymotrypsin digestion 
in 0.1 ~  phosphate buffer pH 7.6.  On testing action of combined proteolytic enzymes the 
casein was first digested with pepsin for 48 hours and then pH readjusted and digested with 
trypsin for 48 hours, followed by chymotrypsin for 48 hours.  In the digestion of egg albumen 
and pepsin by  trypsin-chymotrypsin,  trypsin was  added  first  followed  by  chymotrypsin. 
Controls were run containing the proteins without the enzymes and the enzymes without the 
proteins at the various pH at 40°C. under toluol.  25 mg. of each protein digest was used 
for each test.  Enzymatic digestion carded out at 5°C. for 3 weeks gave the same results as 
digestion at 40*.  Conditions of test as described under Methods. 
Active digests  Inactive digests 
Pepsin digest of pepsin 
"  "  "  egg albumen 
Pepsin digest of casein 
Trypsin  "  "  " 
Chymotrypsin digest of casein 
Pepsin-trypsin-chymotrypsin digest of casein 
Trypsin and chymotrypsin digest of egg albumen 
or pepsin 
Trypsin-chymotrypsin digest of egg albumen or 
pepsin 
phage-promoting activity under  the  experimental conditions.  The medium 
already contains 16 amino acids. 
Test for Factor in Phage and Medium.--Bacteriophage, purified by centrifuga- 
tion, was hydrolyzed to determine whether the factor was incorporated into the 
phage molecule without undergoing any change.  The medium in which the 
phage grew was also tested for the presence of the factor.  From Table V it can 
be seen that there was no factor present in the phage or lysate after acid hy- 
drolysis even though a great excess of both substances was tested. 
DISCUSSION 
A factor necessary for the formation of Staphylococcus muscae phage has been 
found in acid digests of many highly purified proteins.  The evidence indicates WISSTOS H.  PmCE  237 
that the active substance is not adsorbed on the proteins, but is an integral 
part of the molecule.  The substance does not appear to be a  peptide, as it is 
very stable in strong acid and alkali.  Although twenty-one amino acids were 
tried,  they  could not replace  the  phage-promoting activity of  the  acid  hy- 
drolysates of proteins. 
TABLE  V 
Test for Factor in Phage and  Lysate 
5,000 ml. of synthetic medium was set up containing 4.0 rag. of hydrolyzed casein per 
10.0 ml. of reaction mixture, 3.3 X  10  s cells per ml., and 3.5 X  10  +  phage particles per ml. 
Complete lysis took place at 6 hours.  The phage count had risen to 2.1 ×  1010 particles per 
per ml.  The lysate was centrifuged for 1 hour at 14,000 R.p.x¢.  The precipitate, which con- 
tained all the phage activity, had 76.3 rag. of protein.  It was suspended in 1.0 ml. of 3 N 
HC1 and hydrolyzed as described earlier.  1,000  ml. of the supematant fluid of the centri- 
fuged lysate was evaporated to dryness* on a steam bath and dissolved in 5.0 ml. of 3 •  HCI 
and hydrolyzed as described previously.  To another 1000.0 ml. of the supernatant fluid was 
added  10.0 rag. of hydrolyzed casein.  This solution was then evaporated  to dryness on a 
water bath, dissolved in 5.0 ml. of 3 N HC1, and hydrolyzed in the usual manner.  1.0 ml. 
of this sample was added to sample 4.  Three rag. of hydrolyzed casein was added to a centri- 
fuged phage preparation  prepared from 700 ml. of synthetic medium which contained 4.1 
X  101° particles per ml. after  complete lysis had taken place.  The phage and hydrolyzed 
casein solution was then hydrolyzed in the usual manner in 0.5 ml. of 3 N HCI.  0.25  ml. of 
the hydrolysate  was added  to sample 5.  These latter two tests  show that the substance 
could have been detected  by the method used.  The test conditions are  described under 
Methods.  Assay for phage made at end of 6 hours. 
Sample  Additions 
O. 8 ml. of hydrolyzed phage 
1.0 "  "  "  lysate 
1.0 rag."  "  casein 
1.0 ml. "  "  lysate plus added casein 
0.25"  "  "  phage plus added casein 
Phage count per ml. 
Initial 
3.1 X  106 
3.1 X  105 
3.1 X  10  s 
3.1X 106 
3.1 X  106 
Final 
6.1 X  10  ~ 
8.3 X  10  j 
1.8 X  10  l° 
2.3 X  101° 
1.7  X  10  t° 
*All samples were extracted with hot butyl alcohol, pH 5.5, and then evaporated 
to dryness before being dissolved in water. 
The factor undergoes a  change when added to a  multiplying bacteria-phage 
system,  since neither purified phage  nor the  concentrated supernatant fluid 
from a centrifuged lysate shows any phage-promoting activity when hydrolyzed 
with acid in the usual manner.  From the results at the present time, therefore, 
it is not possible to decide whether the factor is incorporated into the phage or 
whether it is necessary as a  "coenzyme" for a  reaction which is essential in the 
synthesis of phage. 
From the following results it appears that the synthesis of S. muscae phage is 
intimately bound to the metabolism of the host, (I) nicotinic acid is essential 
for phage formation and is utilized by the cell (Price, 1947 a) ; (2) the factor de- 238  FACTOR I~OR PHAGE  I~O~ATION 
scribed in this paper is also utilized by the cell (Price, 1947 a) and appears to be 
changed when added to a multiplying bacteria-phage system; (3) the synthesis 
of ATP by the cell seems to be essential for phage formation (Price,  1947 c). 
It also appears that the phage directs its own synthesis since niacin, the un- 
known factor, and phage must all be added at the same time to the medium if a 
synthesis of phage is to occur (Price, 1947 a).  Once the two factors are taken 
up by the bacterial cell in the absence of phage, there is no increase in phage 
when the bacterial virus  is  then added  (Price,  1947 a).  If the phage was 
formed from a  precursor,  it would be expected that phage formation would 
occur even though the phage was added to the system after all the other essen- 
tial components. 
SUMMARY 
1.  A factor necessary for the formation of Staphylococcus  muscae phage was 
found in acid digests of many highly purified proteins. 
2.  The factor is released from egg albumen and pepsin by peptic digestion. 
3.  No amino acids tried could replace the acid digests of proteins as a source 
of the factor. 
4.  The factor, when added to a multiplying bacteria-phage system, cannot be 
found in purified phage or in the lysate after complete lysis of the system has 
taken place. 
It is a pleasure to express my sincere appreciation to Dr. John H. Northrop 
for his continued interest during this whole series of investigations. 
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